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Substantial beneﬁts are realized through the use of read-across and in silico techniques to ﬁll data gaps
for structurally similar substances. Considerable experience in applying these techniques was gained
under two voluntary high production volume (HPV) chemical programs e the International Council of
Chemical Associations' (ICCA) Cooperative Chemicals Assessment Programme (with the cooperation of
the Organization of Economic Cooperation and Development) and the U.S. Environmental Protection
Agency's HPV Challenge Program. These programs led to the compilation and public availability of
baseline sets of health and environmental effects data for thousands of chemicals. The American
Cleaning Institute's (ACI) contribution to these national and global efforts included the compilation of
these datasets for 261 substances. Chemicals that have structural similarities are likely to have similar
environmental fate, physical-chemical and toxicological properties, which was conﬁrmed by examining
available data from across the range of substances within categories of structurally similar HPV chem-
icals. These similarities allowed the utilization of read-across, trend analysis techniques and qualitative
structure activity relationship ((Q)SAR) tools to ﬁll data gaps. This paper presents the ﬁrst quantiﬁcation
of actual beneﬁts resulting from avoided testing through the use of read-across and in silico tools.
Speciﬁcally, in the evaluation of these 261 noted substances, the use of 100,000e150,000 test animals
and the expenditures of $50,000,000 to $70,000,000 (US) were avoided.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
There are many national, regional and international programs e
either regulatory or voluntarye that assess the hazards and risks of
chemicals to humans and the environment. One of the ﬁrst
voluntary programs was initiated in 1998 when the U.S. Environ-
mental Protection Agency (EPA) announced the High Production
Volume (HPV) “Challenge” Program. This was done under the
chemical right-to-know program (https://www3.epa.gov/
epahome/r2k.htm). This voluntary initiative challenged industry
to develop and make publicly available screening-level health and
environmental effects information on chemicals produced or im-
ported in volumes of over one million pounds per year. This chal-
lenge was in response to a number of evaluations that reported a
lack of publicly available environmental and health data on
chemicals in commerce (Environmental Defense Fund, 1997; EPA,
1998).(K. Stanton), fkruszewski@
Inc. This is an open access article uSimilarly, the global chemical industry, through the Interna-
tional Council of Chemical Associations (ICCA) and in cooperation
with the Organization for Economic Cooperation and Development
(OECD), launched the voluntary High Production Volume (HPV)
Chemical Initiative (presently known as the Cooperative Chemicals
Assessment Programme (CoCAP)). Under the ICCA program,
screening-level hazard data were collected and submitted to the
OECD member countries (Table 1) on chemicals produced at vol-
umes greater than 1000 tonnes per year. Initially, chemicals sub-
mitted to the Program were required to be HPVs in two of three
geographical regions (US, Europe or Japan). The Program was later
expanded to include: chemicals that are HPV in one region and
nominated by a company; chemicals that are already in the OECD
Screening Information DataSet (SIDS) Program; and EU priority list
chemicals (CR EEC/793/93). In addition, other chemicals that did
not meet the above production volume criteria could be included if
they were structurally similar to chemicals within an HPV category.
Because of the synergistic nature of the two programs, i.e., that the
requirements of the HPV Challenge Program and the ICCA HPV
Chemicals Programme are extremely similar, and because many of
the chemicals are used in multiple geographic areas, about one-
third of the HPVs sponsored under the EPA voluntary programnder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Table 1
OECD Cooperative Chemical Assessment Program (CoCAP) participating countries with afﬁliations.
Country Afﬁliation(s)
Australiaa National Industrial Chemicals Notiﬁcation and Assessment Scheme
Austria Bundesministerium fur Umwelt
Belgium Institut Scientiﬁque de Sante Publique
Canada Health Canada
Environment Canada
Czech Republic Ministry of the Environment - Department of Environmental Hazards
Denmark Danish Environmental Protection Agency
Chemicals Division
European Commission European Chemicals Bureau
European Chemicals Agency
Finland Finnish Safety and Chemicals Agency (Tukes)
National Product Control Agency for Welfare & Health
France Regulated Products Department
Unite REACH/CLP - Direction des Produits Reglementes (DPR) ANSES
Germanyb Federal Institute for Risk Assessment
Federal Environment Agency (UBA)
Greece N/A
Ireland Health & Safety Authority
Israel International Chemicals Conventions and OECD
Italyc Istituto Superiore di Sanita
Japan Ministry of Health, Labour and Welfare
Chemicals Evaluation and Research Institute
Ministry of Economy, Trade and Industry
Korea National Institute of Environmental Research - Risk Assessment Division
N/A Business and Industry Advisory Committee (BIAC)d
New Zealand Hazardous Substances, Environmental Risk Management Authority of New Zealand
Norway Norwegian Pollution Control Authority
Poland Nofer Institute of Occupational Medicine
Portugal Agencia Portuguesa do Ambiente
Instituto do Ambiente
Slovak Republic Centre for Chemical Substances and Preparations
Slovenia Chemicals Ofﬁce of the Republic of Slovenia
Spain Ministerio de Sanidad y Consumo
Sweden Swedish Chemicals Agency (KEMI)
Switzerland Federal Ofﬁce of Public Health (FOPH)/Bundesamt für Gesundheit BAG
Substances, Soil, Biotechnology Division (OFEV)
The Netherlands Bureau REACH/Expert Centre for Substances RIVM-SEC
Turkey General Directorate for Ministry of Environment and Forestry
United Kingdome Chemicals Assessment Unit
United Statesf US Environmental Protection Agency
a Sponsored Hydrotropes Category.
b Sponsored Alkyl Sulfates, Alkane Sulfonates and Oleﬁns Category.
c Sponsored Aliphatic Acids.
d Sponsored Glycerides Category.
e Sponsored Long Chain Alcohols (C6-22 Primary Aliphatic Alcohols) Category.
f Sponsored Amine Oxides Category.
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There are other ongoing national and international HPV initia-
tives with different regulatory objectives, but a common feature
among them is the desire for increased transparency regarding the
properties of chemicals. The OECD datasets complement these
other initiatives, some of which are described in the following
paragraphs.
Under the various schemes, chemical manufacturing companies
identify their chemicals and commit to supplying hazard assess-
ments on HPV chemicals based on supporting hazard datasets. For
the U.S. EPA and ICCA programs, where companies were able to
identify other organizations sponsoring the same or similar
chemicals globally, agreements were established among companies
to work together to fulﬁll HPV commitments. Because of the nature
of the work (data sharing, conﬁdential business information con-
cerns, etc.), companies turned to third parties and trade associa-
tions to shepherd HPVs through the assessment programs. The
American Cleaning Institute (ACI, formerly The Soap and Detergent
Association (SDA)) organized ten consortia on behalf of the clean-
ing products industry tomake hazard assessments available for 262
HPV chemicals, nine of which involved categories of two or morestructurally similar chemicals.
The ﬁrst step in making a hazard assessment of a chemical is to
compile and assess the adequacy of existing information on each of
the environmental and toxicological endpoints that constitute a
base set of data. When adequate information is not available for
that chemical, then options for completing the dataset are evalu-
ated. In following the principal of avoiding or minimizing the use of
animals in tests, alternative methods such as using data from like-
substances (read-across) and quantitative structure-activity rela-
tionship analysis ((Q)SAR) tools are highly useful methods to fulﬁll
data requirements for the aforementioned voluntary programs, and
for regulatory programs that allow for these methods to ﬁll data
gaps. Adequacy of information was assessed according to the OECD
Manual for Investigation of HPV Chemicals' chapter on Data Eval-
uation, Guidance for Determining the Quality of Data for the SIDS
Dossier (OECD, section updated, 2005a).
Many guidance documents present approaches for grouping
chemicals into categories (OECD, 2014a; European Chemical
Agency (ECHA), 2008; European Centre for Ecotoxicology and
Toxicology of Chemicals (ECETOC), 2012; Wu et al., 2010;
Patlewicz et al., 2013). The OECD Guidance (OECD, 2014a)
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purpose of developing screening level hazard assessments for
chemicals undertaken within the OECD Cooperative Chemicals
Assessment Program (CoCAP, formerly the OECD HPV Chemicals
Programme) and the US HPV Challenge Program, ACI used a
category approach to ﬁll hazard data gaps where they existed
across 261 substances. The Screening Information Data Set (SIDS),
a set of 18 hazard endpoints consisting of: 10 physical-chemical
properties and environmental fate parameters; ﬁve human
health endpoints comprised of acute, repeated-dose, reproductive,
developmental and genetic toxicities; and three ecological end-
points including acute ﬁsh, invertebrate and plant toxicities
(Table 2), were used as the baseline dataset for the two programs.
In addition to applying read-across and in silico methods using
existing data for these 261 chemicals, existing data from an
additional 46 substances, or “supporting substances”, with similar
structures were used to help ﬁll out the 261 datasets
(Supplementary Materials). The use of in silico chemical proﬁling
is an integral part of EPA's chemical assessments (Henry, 2008), as
one of the known beneﬁts was a reduction in testing resulting in
fewer test animals needed to ﬁll out datasets, as opposed to
conducting tests to ﬁll out data gaps for each individual chemical.
An additional advantage of a chemical category assessment
approach is that identiﬁcation of consistent patterns of effects
within a category in itself increases conﬁdence in the reliability of
the endpoint values for all the individual chemicals in the cate-
gory, compared to evaluation of data purely on a chemical-by-
chemical basis (OECD, 2014a).
A chemical category is a group of chemicals whose physico-
chemical and toxicological properties are likely to be similar or
follow a regular pattern as a result of structural similarity (US EPA,
1999). The similarities may be based on: a common functional
group; the likelihood of common precursors and/or breakdown
products, via physical or biological processes, which result in
structurally similar chemicals; and an incremental and constant
change across the category (US EPA, 1999). OECD expands the
category approach to also include: a common mode or mechanism
of action or adverse outcome pathway; and common constituents
or chemical classes, similar carbon range numbers. This is
frequently the case with complex substances often known as
“substances of unknown or variable composition, complexTable 2
OECD endpoints.
Endpoints
Physical-chemical properties Melting Point
Boiling Point
Water Solubility
Partition Coefﬁcient
Vapor Pressure
Environmental fate Photodegradation
Fugacity
Biodegradation
Hydrolysis
Environmental toxicity Acute Toxicity to Fish
Acute Toxicity to Aquatic Invertebrates
Acute Toxicity to Aquatic Plants
Chronic Toxicity to Aquatic Invertebratesa
Mammalian toxicity Acute Toxicity
Repeated Dose Toxicity
Reproductive Toxicity
Developmental Effects
Bacterial Mutagenicity
Mammalian Mutagenicity
a Non-SIDS endpoint.reaction products or biological material” (UVCB substances)
(OECD, 2014a).
The use of alternative methods such as read-across, trend
analysis and (Q)SARs can enhance the understanding of the
behavior of chemicals without the use of animal testing.
Read-across and trend analysis are also methods used to deduce
the physical-chemical and (eco-) toxicological properties of
chemicals lacking speciﬁc test data. Read-across is used across
regulatory jurisdictions, including, but not limited to the UK's
Health and Safety Executive (HSE), the UK Environmental Agency,
Environment and Health Canada, U.S. EPA, and the European
Chemicals Agency (ECHA), particularly as a means to ﬁll data gaps
for information requirements under speciﬁc regulations.
The principle of the read-across technique is that endpoint or
test information for one chemical is used to predict the same
endpoint or test outcome for another chemical considered to be
similar by scientiﬁc justiﬁcation. There are four approaches for
read-across: one-to-one (one analogue used to make an estimation
for a single chemical); many-to-one (two or more analogues used
to make an estimation for a single chemical); one-to-many (one
analogue used to make estimations for two or more chemicals);
many-to-many (two or more analogues used to make estimation
for two or more chemicals) (Patlewicz, 2005; ECETOC, 2012; OECD,
2014a). Read-across can be qualitative or quantitative. In qualitative
read-across, the presence (or absence) of a property/activity for a
data-poor chemical is inferred from the presence (or absence) of
the same property/activity for one or more data-rich chemicals. In
quantitative read-across, the known value(s) of a property for one
or more data-rich chemicals is used to estimate the unknown value
of the same property for the target chemical (OECD, 2014a). Read-
across can be done via interpolation or extrapolation. Interpolation
can be performed where trends in toxicity or factors inﬂuencing
toxicity have been identiﬁed and the categorymembers arranged in
line with the trend (for example in order of increasing carbon chain
lengths), data from category members on either side of a data-poor
category member can be used to predict its hazards. Extrapolation
methods involve identifying trends in toxicity or factors that in-
ﬂuence toxicity and, again arranging the category members in line
with the trend, predicting the hazards of data-poor category
members through the use of data from category members at the
other end of the category (Patlewicz, 2005; OECD, 2014a; Patlewicz
et al., 2014, 2015).
For a given category endpoint, the categorymembers are related
by a trend such that the properties change in a predictable manner
and there is a pattern in the changing potency of the properties
across the category. For example, a category with increasing chain
length, with a common functional group, will affect solubility/log
Kow, which in turn may affect bioavailability and hence toxicity,
both mammalian and aquatic. Analysis of these changes is referred
to as trend analysis. A demonstration of consistent trends in the
behavior of a category of chemicals is one of the desirable attributes
of a chemical category and one of the indicators that a common
mechanism for all chemicals may be involved (Patlewicz, 2005;
ECETOC, 2012; Patlewicz et al., 2015). When some chemicals in a
category have measured values and a consistent trend is observed,
missing values can be estimated.
For some endpoints, external (Q)SAR models or expert systems
exist and can be used to ﬁll data gaps. These models are different
from the internal (Q)SAR models established within a trend anal-
ysis in that these systems were not developed as part of the cate-
gory formation process. The data gap ﬁlling is recommended to
only be done for compounds that ﬁt into the applicability domain of
the selected (Q)SAR model/expert system (Patlewicz, 2005;
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platforms such as EPI Suite™, SPARC, and the OECD QSAR Toolbox
are examples of these expert systems.
Estimation Programs Interface (EPI Suite)™ is an U.S. EPA
modeling program that estimates physical-chemical properties and
environmental fate properties of chemicals. SPARC Performs
Automated Reasoning in Chemistry (SPARC) is also a predictive
modeling system that calculates a large number of physical-
chemical properties from molecular structure across all classes of
industrial organic chemicals. SPARC execution involves the classi-
ﬁcation of molecular structures and the selection and execution of
appropriate mechanistic models, such as induction, resonance, and
ﬁeld effects to quantify reactivity. The OECD QSAR Toolbox is a
platform that incorporates various modules and databases from
other sources to group chemicals into categories and ﬁlls (eco)
toxicity data gaps to assist in the assessment of the hazards of
chemicals. The category approach used in the Toolbox: 1) focuses
on intrinsic properties of chemicals (mechanism or mode of action,
(eco-)toxicological effects, 2) allows for entire categories of chem-
icals to be assessed when only a few category members are tested,
saving costs and the need for testing on animals, and 3) enables
robust hazard assessment through mechanistic comparisons
without testing.
To facilitate practical application of (Q)SAR approaches in regu-
latory contexts by governments and industry and to improve their
regulatory acceptance, OECD initiated the (Q)SAR Project to develop
principles for the validation of (Q)SAR models, guidance documents
as well as the (Q)SAR Toolbox. In 2007, the European Regulation EC
1907/2006, better known as Registration, Evaluation, Authorisation,
and Restriction of Chemical substances (REACH), included in silico
models, namely (Q)SARs, as an alternative strategy to evaluating the
safety of substances in the regulation (Valerio, 2014).
There are a number of reasons that category assessments are
used. For reasons of efﬁcient resource utilization and animal wel-
fare, it is important to reduce as much as possible the number of
in vivo tests to be conducted where scientiﬁcally justiﬁable. While
industry and governments are aware of this, there has not been a
study undertaken to quantify these beneﬁts.
The purpose of this paper is twofold: (1) to illustrate the cate-
gory approach applied to 9 chemical categories, including the use of
read-across and in silico tools, to ﬁll data gaps; and (2) to quantify
two major beneﬁts, namely animal welfare beneﬁts and cost sav-
ings, that have been realized from using read-across and in silico
tools for completing the hazard datasets for these nine chemical
categories as examples.
2. Category formation and examples of the use of read-across
and in silico methods
The chemical categories included in this analysis are: aliphatic
acids; aluminum alkoxides; alkyl sulfates, alkane sulfonates andTable 3
Summary of HPV sponsored substances.
Category Program Number o
Aliphatic acids OECD 78
Alkyl sulfates, alkane sulfonates and oleﬁns OECD 61
Aluminum alkoxides US EPA 2
Amine oxides OECD 15
Fatty acid methyl esters US EPA 30
Glycerides OECD 28
Hydrotropes OECD 8
Linear and branched alkylbenzene sulfonates (LAS/ABS) US EPA 9
Long chain alcohols (C6-C22 primary aliphatic alcohols) OECD 30
a Non-SIDS edpoint.oleﬁns; amine oxides; fatty acid methyl esters; glycerides; hydro-
tropes; linear and branched alkylbenzene sulfonates (LAS/ABS);
and long chain alcohols (C6-22 primary aliphatic alcohols). These
chemicals are found predominately in down-the-drain industrial,
institutional, household and personal care products. Though six of
the categories were formed prior to the revision of the OECD
Guidance on the Grouping of Chemicals in 2014, the principles for
establishing the categories set forth in that document were fol-
lowed. In total, 261 substances were organized into 9 chemical
categories (Table 3; Supplementary Material).
All categories were agreed upon by either OECD member
countries (ICCA program) or the U.S. EPA (Challenge Program).
A stepwise approach to assembling the chemical categories was
applied (Fig. 1). Firstly, an expert evaluation of potential analogues
was undertaken. In many cases, this was an iterative process,
adding and/or removing substances as the categories were forming.
For the 9 chemical categories described herein, the most common
practice was to group substances based on common functional
group(s) and an incremental and constant change across the cate-
gory (e.g., a chain-length category), often observed in physical-
chemical properties. In some cases, an effect can be present or
follow a trend for some but not all members of the category. For
these instances, subcategories were established within a category.
This improved the practicality and ﬂexibility of the category
approach without altering the scientiﬁc basis of the approach. The
largest grouping, aliphatic acids (78 substances), was sub-
categorized into 14 subgroups based on degree of saturation, sin-
gle or multi-constituency, and presence and type of salt (OECD,
2014b). For the long chain alcohols (C6-22 primary aliphatic alco-
hols), an intrinsic subcategorization was recognized as decreasing
water solubility and increasing lipophilicity was observed with
increasing chain length, leading to a cut-off for acute aquatic
toxicity effects at C13 to C14 and around C15 for chronic effects. At
C > 18, biodegradability was reduced (OECD, 2006a). Subcategories
were also established for hydrotropes; alkyl sulfates, alkane sulfo-
nates and a-oleﬁn sulfonates; and glycerides (OECD, 2005a,b; 2007;
2014c, respectively). While not subcategorized, structural differ-
ences were noted in the amine oxides, aluminum alkoxides, LAS/
ABS, and fatty acid methyl esters categories (OECD, 2006b; SDA,
2008; EPA, 2002; ACI, 2015).
With the categories established, datawere gathered to fulﬁll the
data needs for the SIDS endpoints. One important step not illus-
trated in Fig. 1 is the establishment of data-sharing arrangements
that made it possible to collect and evaluate privately-held com-
pany studies without releasing studies that are conﬁdential busi-
ness information (CBI). In this way, robust assessments were
prepared with both publicly accessible and company-owned data.
An evaluation of the adequacy of the available data for each
category was then conducted. The adequacy was based on OECD
Manual for Investigation of HPV Chemicals, Chapter 3.1, Guidance
for Determining the Quality of Data for the SIDS Dossiers (OECD,f chemicals Number of robust
study summaries
Number of new
studies conducted
1125 0
>1300 0
1195 0
180 0
>500 0
748 7 physical-chemical studies
125 1 vapor pressure
192 0
~1400 4 invertebrate chronic aquatic toxicitya
Fig. 1. Process for developing categories.
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themethod established by Klimisch et al. (1997), and all studies and
data collected were summarized in robust study summaries (RSS)
(between 125 and ~1400 RSS per category, Table 3). The Klimisch
scoring system evaluates studies based on reliability, relevance, and
adequacy of data and assigns them to one of four categories
(Table 4). For the purposes of this analysis, studies with a Klimisch
score of “1” (reliable without restriction) or “2” (reliable with re-
striction) were considered. For the categories under the OECD
Program, the consortia members would assemble category mem-
bers and evaluate and assign the reliability scores which were then
assessed by the sponsoring country regulatory body. The re-
liabilities of studies were then further assessed by the regulatory
authorities assigned to review the full SIDS dossier for the category.
A similar approach was applied to the categories under the U.S. EPA
Program. In those cases, U.S. EPA and interested stakeholders couldchallenge the reliability of studies. There were very few cases
where Klimisch scores of studies were changed based on regulatory
or stakeholder expert input; none of these changes resulted in data
gaps for any of the categories herein.
With all the available data in hand, a datamatrix was assembled.
The purpose was to build a model for prediction of end points(s)
activity/toxicity for chemical(s) without generation of new data via
either interpolation or extrapolation. Where data gaps existed,
either the category was expanded to include supporting substance
data or experimental testing was done. Tables 5a and 5b exemplify
a typical data matrix for physical-chemical, environmental fate, and
(eco)toxicity endpoints.
Once all the data were assembled, a hazard assessment was
generated for each chemical category. Within the assessment, the
justiﬁcation of the category and the uses of read-across, trend
analysis and (Q)SARs to ﬁll data gaps were presented. In both the
Table 4
Klimisch scoring.
Score Category Description (from Klimisch et al., 1997)
1 Reliable without
restriction
“This includes studies or data from the literature or reports which were carried out or generated according to generally valid and/or
internationally accepted testing guidelines (preferably performed according to GLP) or in which the test parameters documented are based
on a speciﬁc (national) testing guideline (preferably performed according to GLP) or in which all parameters described are closely related/
comparable to a guideline method”
2 Reliable with
restriction
“This includes studies or data from the literature, reports (mostly not performed according to GLP), in which the test parameters documented
do not totally comply with the speciﬁc testing guideline, but are sufﬁcient to accept the data or in which investigations are described which
cannot be subsumed under a testing guideline, but which are nevertheless well documented and scientiﬁcally acceptable.”
3 Not reliable “This includes studies or data from the literature/reports in which there are interferences between the measuring system and the test
substance or in which organisms/test systems were used which are not relevant in relation to the exposure (e.g., unphysiologic pathways of
application) or which were carried out or generated according to a method which is not acceptable, the documentation of which is not
sufﬁcient for an assessment and which is not convincing for an expert judgment.”
4 Not assignable “This includes studies or data from the literature, which do not give sufﬁcient experimental details and which are only listed in short
abstracts or secondary literature (books, reviews, etc.).”
Table 5a
Physical-chemical, environmental fate, and ecotoxicity data matrix for Hydrotropes category.
Chemical name CAS No. Physical-chemical Environmental fate Ecotoxicity - acute
toxicity
Melting
point
Boiling
point
Solubility Partition
coefﬁcient
Vapor
pressure
Photode
gradation
Hydrolysis Fugacity Biodegradation Fish Daphnia Algae
Toluene sulfonic
acid, sodium salt
12068-03-0 Yes EPI EPI EPI EPI EPI e e Yes
Toluene sulfonic
acid, potassium
salt
16106-44-8 EPI EPI EPI EPI EPI EPI e e e
Xylene sulfonic
acid, sodium salt
1300-72-7 Yes EPI EPI EPI Yes EPI e e Yes Yes Yes Yes
827-21-4
Xylene sulfonic
acid, ammonium
salt
26447-10-9 EPI EPI EPI EPI EPI EPI e e e
Xylene sulfonic
acid, potassium
salt
30346-73-7 EPI EPI EPI EPI EPI EPI e EPI e
Xylene sulfonic
acid, calcium salt
28088-63-3 Yes EPI Yes Yes EPI EPI e e Yes Yes Yes Yes
Cumene sulfonic
acid, sodium salt
28348-53-0 EPI EPI EPI EPI EPI EPI e EPI Yes Yes Yes
32073-22-6
Cumene sulfonic
acid, ammonium
salt
37475-88-0 EPI EPI EPI EPI EPI EPI e e e Yes
For measured data to be considered acceptable quality, it must be rated 1 or 2 on the Klimisch scale and is expressed as “Yes”.
EPI - Modeled data from EPI Suite was used.
- No reliable measured data available (Klimisch score 3 or 4).
Table 5b
Measured data of acceptable quality for selected health SIDS endpoints for the Hydrotropes category.
Chemical name CAS No. Toxicity data
AO AD AI SI EI SE Rep. Geno Repro Dev Car
Toluene sulfonic acid, sodium salt 12068-03-0 e e Yes e e e e e
Toluene sulfonic acid, potassium salt 16106-44-8 e e e e e e e e e
Xylene sulfonic acid, sodium salt 1300-72-7 Yes e e Yes e Yes Yes e e Yes
827-21-4 2 4 3 2
Xylene sulfonic acid, ammonium salt 26447-10-9 e e e e e e e
Xylene sulfonic acid, potassium salt 30346-73-7 e e e e e e e e e e e
Xylene sulfonic acid, calcium salt 28088-63-3 Yes Yes e Yes Yes e e Yes
2a
e Yes e
Cumene sulfonic acid, sodium salt 28348-53-0
32073-22-6
Yes Yes Yes Yes Yes e e e
Cumene sulfonic acid, ammonium salt 37475-88-0 e e e e e e e e e e e
For data to be considered acceptable quality, it must be rated 1 or 2 on the Klimisch scale and expressed as ‘Yes” with number of studies below.
Abbreviations and Footnotes: AO, acute oral; AD, acute dermal; AI, acute inhalation; SI, skin irritation; EI, eye irritation; SE, sensitisation; Rep, repeated dose toxicity; Geno,
genotoxicity; Repro, reproductive toxicity; Dev, developmental toxicity; Car, carcinogenicity.
- No data available.
a Substance identity not available from reports.
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idity of the categories, robustness of the available studies, veriﬁed
the use of read-across and (Q)SAR techniques, and agreed to the
statements on the adequacy of the datasets to support hazard as-
sessments. In many cases, screening level risk assessments were
also included.
2.1. Category description - Hydrotropes category
Compounds known as hydrotropes are amphiphilic substances
composed of both a hydrophilic and a hydrophobic functional
group. The hydrophobic part of the molecule is a benzene
substituted (i.e., methyl [common name: toluene], dimethyl
[common name: xylene] or methylethyl [common name: cumene])
apolar segment. The hydrophilic, polar segment is an anionic sul-
fonate group accompanied by a counter ion (e.g., sodium and
ammonium). This segment is a comparatively short side-chain as
seen in Fig. 2. There are 10 CAS numbers in the hydrotropes
category.
The hydrotropes category may be initially considered as three
sub-groups: the methyl, dimethyl and methylethyl benzene sul-
fonates (or the toluene, xylene and cumene sulfonates). Although
the counter ion will also determine the physical and chemical
behavior of the compounds, the chemical reactivity and classiﬁ-
cation for this purpose is not expected to be affected by the dif-
ference in counter ion (i.e., Naþ, NH4þ, Caþþ, or Kþ). This category
was accepted by the OECD member countries during SIDS Initial
Assessment Meeting (SIAM) 21 (OECD, 2005b). In general, the
presence of one or two methyl groups or a methylethyl group on
the benzene ring is not expected to have a signiﬁcant inﬂuence on
chemical reactivity. Alkyl substituents are known to be weak
ortho- and para-directing activators, and the difference between
methyl and methylethyl are negligible. Going from methylbenzene
to dimethylbenzene and to methylethylbenzene, the number of
carbon atoms - and thus the organic character - increases. This
progression improves solubility in apolar solvents and reduces
solubility in polar solvents like water. Hence, reactivity in aqueous
solutions may differ somewhat for the hydrotropes. However, the
decisive factor in determining water solubility of these com-
pounds is ionic character, not the number and identity of the alkyl
substituents on the benzene ring.
It was therefore concluded that the three sub-groups are ex-
pected to be generally comparable and predictable in their chem-
ical behavior (as such or in solution) and that members from one
sub-group may be useful for read across to other sub-groups and
to the hydrotropes category as a whole (OECD, 2005b).
2.2. Application of (Q)SAR - Hydrotropes category
As illustrated by the hydrotropes category, endpoint values for
many of the physical-chemical and environmental fate endpoints
were ﬁlled through the use of external (Q)SAR methods (EPI
Suite™, https://www.epa.gov/tsca-screening-tools/epi-suitetm-
estimation-program-interface). Forty-four of 56 physical-chemical-CH3 -SO3Na                    toluene sulfonic acid, sodium salt
-(CH3)2 -SO3Na                xylene sulfonic acid, sodium salt
-CH.(CH3)2 -SO3Na            cumene sulfonic acid, sodium salt
Fig. 2. Diagrams of sodium salts for three hydrotropes.and environmental fate endpoints were modeled using the EPI
Suite (Table 5a). For this category, one vapor pressure test was
carried out to validate the modeled data (Tables 3,5a, and 5b).
2.3. Examples of read-across - Hydrotropes category
The hydrotropes category has been assessed for mutagenic po-
tential in a variety of in vivo and in vitro assays. Speciﬁcally, mouse
micronucleus cytogenic assays with calcium xylene sulfonate and
sodium cumene sulfonate, Ames assay with calcium xylene sulfo-
nate, sodium cumene sulphonate and sodium xylene sulphonate
and mouse lymphoma, sister chromatid exchange and chromo-
some aberration assays with sodium xylene sulfonate (Table 5b).
No positive results were seen in vitro or in vivo in any of the studies.
Therefore, the available data indicate that the chemicals in the
hydrotropes category do not have a genotoxic potential (OECD,
2005b).
Read-across was also applied to the reproductive toxicity
endpoint. No reproductive toxicity studies are reported for the
hydrotropes category (Table 5b). However, a 91-day oral rat feeding
study with sodium cumene sulfonate, a 90-day feeding study with
sodium xylene sulfonate and a 90-day and 2-year dermal studies
with sodium xylene sulfonate included examination of sex organs
such as the prostate, testes, and ovaries (OECD, 2005b). There is no
evidence from these repeat dose studies to suggest that these
chemicals would have an adverse effect on reproductive organs and
thus these negative results were applied across the category.
One substance (calcium xylene sulfonate) has been evaluated
for the potential to cause developmental toxicity in rats (Table 5b).
Following US EPA TSCAGuideline 1985, no treatment related effects
were observed at 0, 150, 1500, or 3000 mg/kg body weight (bw)/
day. Therefore, the NOAEL for maternal and foetal toxicity was the
highest dose tested at 3000 mg/kg bw/day (corresponding to
936 mg active ingredient/kg bw/day) across the category (OECD,
2005b).
3. Quantiﬁcation of beneﬁts
It is important to understand the process of building a well-
constructed category because of the major impact the use of
read-across and in silico methods can have on fulﬁlling hazard
endpoints and thereby eliminating the need for testing. As con-
sortium members were able to share publicly- and privately-held
data on the standard 18 hazard endpoints, there were numerous
studies from which alternative methods such as trend analysis
and read-across could be applied. Because of this, very few new
tests were needed across the nine chemical categories listed in
Table 3. The number of tests not needed after applying read-
across and in silico techniques was calculated by adding the
number of substances without data with a Klimisch score of “1”
or “2” (modeled or measured) for physical-chemical and envi-
ronmental fate endpoints. For the toxicity endpoints, only
measured data with Klimisch scores of “1” or “2” were acceptable
in our analysis.
A total of 8 physical-chemical tests and four non-SIDS endpoint
invertebrate chronic aquatic toxicity tests were needed to fulﬁll the
data requirements for all substances. Seven physical-chemical tests
were performed on two members of the glycerides category (vapor
pressure and partition coefﬁcient for CAS 538-23-8; melting and
boiling points, water solubility, vapor pressure and partition coef-
ﬁcient for CAS 7360-38-5) and one vapor pressure test (for CAS
1300-72-7) was needed to fulﬁll requirements for the hydrotropes
category. For the long chain alcohols category, reproduction tests
were performed with C10, C12, C14 and C15 alcohols in accordance to
OECD Test Guideline (TG) 211, D. magna Reproduction Test (OECD,
Table 6
OECD test guidelines for physical-chemical and environmental fate endpoints.
SIDS test endpoint OECD test guideline Tests needed Tests avoided Cost per test (USD) Total cost savings (USD)
Melting point 102 261 110 1048 115,301
Boiling point 103 261 106 1118 118,526
Partition coefﬁcient 107, 117 261 108 5051 545,532
Vapor pressure 104 261 99 4322 427,862
Water solubility 105 261 109 5930 646,359
Biodegradation 301 261 161 6067 976,747
Photodegradation (photolysis) 316 261 44 6067 266,937
Stability in water (hydrolysis) 111 261 57 10,222 582,665
Transport and distribution (fugacity) Level III Model 261 74 544 40,279
Total beneﬁt of reduced testing 3,720,208
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for chronic aquatic effects.
The cost savings were monetized by determining the appro-
priate OECD test guideline that would have been needed to ﬁll data
gaps. Since these categories cover chemicals with extremely high
volumes with their use predominately in industrial, institutional,
household and personal care down-the-drain products, the aquatic
invertebrate chronic toxicity test (OECD TG 211) is included in the
calculations. For the purpose of meeting the SIDS data re-
quirements for developmental and reproductive toxicity endpoints,
either OECD TG 421 (Reproduction/Developmental Toxicity
Screening Test) or 422 (Combined Repeated Dose Toxicity Study
with the Reproduction/Developmental Toxicity Screening Test) can
be used. The in vivo micronucleus test (OECD TG 474) is only trig-
gered under the SIDS assessment where there is a positive in vitro
genotoxicity test (OECD TG 476). In order to be conservative, we
assumed that 5% of the chemicals would have a positive result
which would result in the need for the mouse erythrocyte micro-
nucleus assay. This calculation is based on the methods of Rovida
and Hartung (2009).
The Fleischer cost values used in this analysis were based on the
average prices for tests from 28 GLP laboratories in Europe in the
second half of 2004 (Fleischer, 2007). In order to reﬂect current
economic conditions, accounting for historic exchange rates and
inﬂation, the testing costs were converted to US dollars (USD) at the
yearly average 2004 exchange rate according to the US Foreign
Exchange Services (http://www.usforex.com/forex-tools/historical-
rate-tools/yearly-average-rates), and adjusted according to the USTable 7
OECD test guidelines for toxicity endpoints.
SIDS test endpoint OECD test
guideline
Tests
needed
Tests
avoided
Acute oral toxicity (rodent) 423 261 174
Repeated dose 28-day oral toxicity (rat) 407 261 248
Prenatal developmental toxicity (rat) 421, 422 261 230
Two-generation reproductive toxicity (rat) 259
Mouse Erythrocyte micronucleus assay
(mouse)a
474 13 13
Acute aquatic toxicity (various ﬁsh species) 203 261 177
Total beneﬁts of reduced verterbate
animal testing
SIDS test endpoint OECD test guideline Tests n
Aquatic acute invertebrate toxicity 202 261
Aquatic plant acute toxicity 201 261
Aquatic invertebrate chronic toxicity 211 261
Mammalian cell gene mutation assay (in vitro) 476 261
Total beneﬁts of reduced in vivo/in vitro testing
a Based on apositive in vitro mamalian cell gene mutation (OECD TG 476) assay rate oDepartment of Labor's inﬂation calculation (http://www.bls.gov/
data/inﬂation_calculator.htm).
Not included in this ﬁnancial assessment are operational costs
associated with managing the chemical categories and its organi-
zational members, including conference fees, handling test services
contracts, and general oversight. Also not included are the costs
associated with opened-sourced in silico tools maintained by third
parties (i.e., EPI Suite and the OECD QSAR Toolbox), or the monthly
fee for the use of SPARC ($5/month). While it is recognized that the
development and maintenance costs of these programs exist, as
well as the organization costs for administering chemical cate-
gories, those sums were not included in our analysis because they
were difﬁcult to ascertain.
One thousand four hundred and eighty-one physical-chemical
and environmental fate data sources exist for the 261 substances;
only 37% of the physical-chemical and environmental fate end-
points are without data. By performing eight physical-chemical
tests, there was a monetary savings of 3,720,200 USD by utiliz-
ing methods as alternatives to conducting 868 physical-chemical
and environmental fate tests (Table 6). Similarly, we calculated
both the cost savings and the extent of animal use avoided for
toxicity endpoints using the OECD test guidelines (Table 7). For
invertebrate, plant, and in vitro toxicity tests, 69% of the endpoints
were without data. Seven hundred twenty-one tests were avoided,
saving 10,070,100 USD. The use of in silico and read-across ap-
proaches avoided the use of between 115,500 and 149,540 verte-
brates including between 108,000 and 142,000 mammals (i.e. rats
and mice) in 1280 tests across the nine HPV categories. TheCost per test
(USD)
Cost total saved
(USD)
Animals: Number
per test
Animals: Total
number replaced
2292 398,866 12 2088
76,810 19,048,949 40 9920
84,912 19,529460 560 128,800
143,076 32,907,582 412 94,760
17,524 227,809 100 1300
6521 1,154,193 42 7434
40,359,277
e53,737,399
115,502e149,542
eeded Tests avoided Cost per test (USD) Cost total saved (USD)
193 5819 1,123,159
229 7014 1,606,173
116 20,880 2,422,060
183 26,878 4,918,702
50,429,371e63,807,493
f 5%.
Table 8
Total beneﬁt of using in silico techniques to fulﬁll OECD SIDS requirements.
Total cost savings (USD) Animals: total number replaced
Beneﬁts of reduced in vivo/in vitro testing 50,429,371e63,807,493 115,502e149,542
Beneﬁts of reduced physico-chemical testing 3,720,208 N/A
Total 54,149,579e67,527,701 115,502e149,542
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50,429,300 and 63,807,500 USD of savings. If performed today, the
total testing cost across all endpoints and all 261 substances in
nine HPV categories would be between 54,149,580 and 67,527,700
USD (Table 8).4. Discussion and conclusion
In the ICCA and EPA programs for high production volume
chemicals, many lessons were learned in constructing categories
that build scientiﬁc conﬁdence in the use of read-across and in silico
methods to ﬁll data gaps. While read-across, trend analysis and (Q)
SAR methods can be used to address information requirements
under various regulatory and voluntary programs, the acceptance
of alternative approaches to testing hinge on the validity of the
category. The nine categories of our analysis were assembled
following OECD guidelines and were accepted by OECD member
country regulatory experts (Table 1), and/or by the U.S. EPA and
other expert stakeholders in the EPA HPV program. Additionally,
the hydrotropes and amine oxides categories were included in the
compendium of case studies that helped shape REACH guidance on
chemical category assembly and read-across (Worth and Patlewicz,
2007). Further acceptance of the category approach was realized
outside of the regulatory and voluntary programs. Ten papers
grounded in the hazard and risk assessments of four of the cate-
gories were published in peer-reviewed publications, namely alkyl
sulfates, alkane sulfonates and oleﬁns, amine oxides, hydrotropes,
and long chain alcohols (see Sanderson et al., 2006; Stanton et al.,
2009; Belanger et al., 2009; Fisk et al., 2009; Sanderson et al.,
2009a, 2009b; Sch€afers et al., 2009; Veenstra et al., 2009;
K€onnecker et al., 2011; Wibbertmann et al., 2011), adding another
layer of scientiﬁc review to validate the legitimacy and robustness
of the category approach for these chemical groups.
As the categories were agreed upon by the regulatory experts, so
were the hazard assessments. For those substances which have
been assessed within the OECD Programme, the summary of the
conclusions on the hazards have been reviewed by experts in
member countries (Table 1), industry and environmental NGOs and
are endorsed by participating OECD member countries. The
chemical category assessments submitted under the U.S. EPA Pro-
gram also underwent expert regulatory and stakeholder review. In
some cases, the expert reviews praised the use of read-across to ﬁll
data gaps in lieu of animal experimentation (Manuppello, 2008).
While there are studies which forecast animal use and cost es-
timates for the purposes of fulﬁlling data requirements under
different legislative regimes such as REACH (see for example Rovida
and Hartung, 2009; H€ofer et al., 2004; van der Jagt et al., 2004;
Pedersen et al., 2003; RPA and Statistics Sweden, 2002; IEH
Report, 2001), this is the ﬁrst analysis of actual avoided test ani-
mal use and cost savings. The analysis herein is speciﬁc to the SIDS
hazard endpoints gathered for the purposes of the HPV voluntary
programs under U.S. EPA and ICCA for 261 chemicals. The analysis
assumes universal testing using OECD tests for ﬁlling data gaps.
While the use of read-across and in silico techniques to ﬁll data gaps
for the 18 hazard endpoints across the 261 substances of this
assessment are considered by the U.S. EPA and the OECD countryexperts participating in the ICCA program to be scientiﬁcally
justiﬁed, it is acknowledged that regulatory jurisdictions can vary
in their degree of acceptance of or familiarity with the use of these
alternative techniques to fulﬁll statutory requirements. Conse-
quently, the degree to which these approaches are applicable in
speciﬁc jurisdictions will be understood through the consultation
of respective statutory language and regulatory guidance
documents.
The use of read-across and in silico methods for ﬁlling gaps
where hazard data are lacking for speciﬁc chemicals within cate-
gories of chemicals has many beneﬁts. First and foremost, ACI
consortia demonstrated a ﬁrm adherence to the Three Rs
(Replacement, Reduction, Reﬁnement) as guiding principles for the
more ethical use of animals in testing (Russell and Burch, 1959). By
eliminating the need for animal testing through the use of read-
across and in silico methods where scientiﬁcally justiﬁed, the use
of between 115,500 and 149,500 animals in toxicity tests, specif-
ically between 108,500 and 142,500 rodents and 7000 ﬁsh, was
avoided. Among the SIDS endpoints that require vertebrate ani-
mals, testing was completely avoided by using read-across and in
silico methods.
The substantial reductions in testing costs was another signiﬁ-
cant beneﬁt achieved in the ACI program through the application of
these techniques. With the ability to compile publicly-available and
privately-held data on chemicals, group chemicals into valid cate-
gories based on expert judgement and guidance, and use read-
across, trend analyses and (Q)SARs methods to ﬁll data gaps,
there was between 54,000,000 and 67,500,000 USD saved to
complete hazard-level screening assessments for 261 chemicals.
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